Abstract: Size and position (including depth) of diffusive cloak is shown to be detectable via second-order statistics of transmitted waves. Analytical expression for suppression of the non-Rayleigh contribution to intensity fluctuation is obtained.
The cloak in Fig. 1b is based on the diffusive description of wave transport. This is an approximation, which does not take into account wave interference effects. Second-order statistical properties such as fluctuations and correlations of intensity contain information about wave nature of transport, including the location where wave interference took place [4] . We consider spatial intensity correlations defined as C(r 1 , r 2 ) = δ I(r 1 )δ I(r 2 ) / I(r 1 ) I(r 2 ) , where δ I(r) = I(r) − (I(r) is the deviation from the mean. The correlation is dominated by a short-range (on the order of transport mean free path, ) contribution C 1 (r 1 , r 2 ) responsible for speckles. In this work, we use long-range component [4] C 2 (r 1 , r 2 ) C(r 1 , r 2 ) − C 1 (r 1 , r 2 ) to detect the size and location of the diffusive cloak inside of a slab of turbid medium.
Model: In the framework of Langevin approach [5] , spatial long-range correlation has been related to (I(r) and Green function G(r 1 , r 2 ) of the diffusion equation. For 2D geometry considered here we get
Assuming plane wave excitation, we compare long-range correlation for 2D slab (the reference) to slab with an embedded reflecting cylinder (case I); and to slab with the cylinder surrounded by diffusion cloak (case II). Corrections to intensity and Green function due to inclusions are obtained using the method described in Ref. [6] . It represents ΔI(r) = I(r) − I 0 (r) with a dipole term, in analogy with the corresponding electrostatics problem, as −p · (r − r 0 )/|r − r 0 | 2 , where r 0 is the center of the inclusion, and p = −P∇ I 0 (r) .
Results and discussion: For bare cylinder, the "polarizability" P is equal to R 2 1 [6] . In contrast, we find P ≡ 0 for the cloaked cylinder that leads, as expected, to ΔI(r) = 0. Vanishing of corrections to intensity and Green function does not, however, imply vanishing of the correlation correction in Eq. (1). Indeed, there exists an additional non-trivial term because the integration is now performed over the volume outside the cloak. We evaluate this negative contribution due to exclusion volume to obtain at the output surface of the slab:
where z and y are the longitudinal and transverse coordinates respectively. When y 1 = y 2 , ΔC II 2 (y, y) represents a correction to the fluctuations of intensity at the output surface. We find that the transverse coordinate of the cloaked object corresponds to the maximum correction (y = y 0 ≡ 0 in our case). The size (πR 2 2 ) and depth (z 0 ) of the object can be determined from the absolute value and the width at half maximum of the correction, see also Fig. 2 below. Table 1 summarized the results of our calculations and Fig. 2 shows intensity (a-d) and the correlation (e-h) computed numerically using Comsol Multiphysics.
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Correction Cylinder (I) Cloak (II) (2)) information of the cloaked object. Conclusions: Aside of detection of diffusive cloak, our work offers an intriguing possibility to manipulate the second-order statistics (correlations/fluctuations) independently from first order statistics (average intensity). The results can be trivially generalized to 3D systems and for waves of different nature -acoustic, electronic, seismic, etc.
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